Sustaining cost performance through TPM approach: A study of manufacturing organizations in Malaysia by Mad Lazim, Halim & T., Ramayah
52 
 
SUSTAINING COST PERFORMANCE THROUGH TPM APPROACH:  
A STUDY OF MANUFACTURING ORGANIZATIONS IN MALAYSIA  
 
HALIM MAD LAZIM 
COB College of Business, Universiti Utara Malaysia 
 
T. RAMAYAH 




 Manufacturing companies need to respond quickly to ensure smooth daily operations and 
manage adjustments to uncertainties in the market place. In manufacturing companies the 
pressure to ensure equipment operates without breakdowns, stoppages, failures and so 
forth has become a major concern for maintenance staff (Carannante, Haigh & Morris, 
1996). The failure of equipments or machines to produce products on time as required can 
reflect the inefficiency in operations thus, failure to deliver quality products to the 
customers on time. Total productive maintenance (TPM) put more importance on total 
employee involvement in the maintenance activities. This paper discusses the findings of a 
study on TPM practices among Malaysian manufacturing companies. More than 1000 
questionnaires were sent out to investigate the extent of TPM practices in Malaysian 
manufacturing companies and to study the relationship of TPM practices and performance. 
An analysis was carried out and the results show there are no differences between the TPM 
practices and size of companies. No differences also found in the TPM practices and 
certified quality management system companies. There were significant relationships 
between TPM practices and cost performance. 
 




TPM has established itself in maintenance activities that focus on an organisation’s internal 
resources. Furthermore, TPM integrates preventive maintenance, condition-based maintenance 
and predictive maintenance activities as well. Basically, predictive maintenance plays a 
significant role in TPM by utilising advanced and modern monitoring techniques to diagnose 
the signs of deterioration of equipment. TPM is a maintenance management system that strongly 
focuses on improving equipment effectiveness, productivity and eliminating six big losses. To 
enable the TPM objectives to be achieved all employees must be involved. More importantly, 
TPM also established an effective way of workplace management through the 5’s approach. 
Moreover, through proper workplace management, all potential problems of the equipment can 
be seen and detected for improvement. TPM is a maintenance system that covers the lifespan of 
equipment and involves total employee participation (Nakajima, 1988). In fact, Chan et al. 
(2005) describe TPM as a synergistic relationship among various departments for continuous 
improvements of product quality, operational efficiency, capacity assurance as well as safety 
aspects. Historically, there are three eras of maintenance in Japan, where TPM originated 
(Nakajima, 1988, 1989). The first era, is known as preventive maintenance era (1950’s) that 
emphasises on establishing maintenance functions. The second era (1960’s) is the introduction 
of productive maintenance, where maintenance prevention, reliability, maintainability 
engineering take place. However, the third era, total productive maintenance in 1970’s put 
emphasis on total employee participation and strong support from top management.  
 
In the 1960’s, the era of productive maintenance has evolved extensively and main attention is 
given to recognize the importance of reliability, maintenance, and efficiency in plant design. 
However, the era of total productive maintenance (TPM) in 1970s is focused on preventive 
maintenance efficiency. The emphasis was on individuals and total employee involvement 






Traditionally maintenance has been considered as a support function, non-productive and not a 
core function thus adding little value to the business (Bamber, Sharp, & Hides, 1999). 
According to Al-Najjar and Alsyouf (2003) maintenance function has been more challenging in 
order to maintain and improve product quality, safety requirements, plant cost effectiveness. 
However, the era of total productive maintenance (TPM) in 1970s was focused on preventive 
maintenance efficiency. The emphasis is on individuals and total employee involvement through 
a comprehensive system (Nakajima, 1989). Overall, the evolution of maintenance, particularly 
preventive maintenance can be divided into four stages of development (Nakajima, 1988, 1989): 
Stage 1: Breakdown maintenance 
Stage 2: Preventive maintenance 
Stage 3: Productive maintenance 
Stage 4: Total productive maintenance 
 
Ireland and Dale (2006) argue that:  
 ‘TPM is considered as a total method of management that combines preventive 
maintenance (PM) with total quality management (TQM) and total employee 
involvement’ (p.208).  
 
Moreover, TPM shows an important aspect of employee involvement from all levels, teamwork 
and continuous improvement activities. The history of TPM began back in 1969 when the 
pioneer in implementing TPM, Nippon Denso Company was the first company to be awarded 
the Distinguished Plant Prize or PM Prize in 1971 (Nakajima, 1989). Moreover, Nakajima 
(1988) defines TPM comprehensively, which includes 5 major elements: 
1. Overall equipment effectiveness maximization 
2. Thorough system of preventive maintenance for the equipment’s whole life span 
3. Implementation by various departments (engineering, production, maintenance, etc.) 
4. Total employee involvement from top management to workers on the floor 
5. Motivation management through small group activities and teamwork 
 
Many studies have been conducted to study the TPM practices in various settings such as 
manufacturing (Ahmaed et al, 2004; Ahuja & Khamba, 2007; Salaheldin & Eid, 2007; Seth 
&Tripathi, 2006) and service industry (Patra et al, 2005; Pramod et al 2006; Tsarouhas, 2007). 
Barney (1991) argues that in the resource-based view (RBV) resources of the firms enable to 
achieve competitive advantage and can lead to superior long-term performance. Moreover, 
resource-base of the firms has contributed to a theory of competitive advantage (Barney 1991; 
Fahy, 2000).  
 
TPM strategy are activities conducted that relate to maximize equipment effectiveness; 
continuous improvement actions taken to improve quality (“kaizen”), increasing safety and 
reducing costs; actions to raise the morale of the team that is implementing TPM (Et, Ogaji & 
Probert, 2004).  In addition, Jantan, Ramayh & Ghazali (2003) concluded that the extent of 
TPM implementation (autonomous maintenance and planned maintenance) has a positive and 
significant effect on organizational performance. The contributions of autonomous maintenance 
and planned maintenance enable the production operator to run the equipment effectively thus 
prevent deterioration as well (Nakajima, 1989). The operations management literature provides 
multiple dimensions to evaluate manufacturing performance Mc Kone et al (2001); Skinner 
(1974); Ward et al. (1995).  In fact, Awrd et al. (1995;1998) categorize manufacturing 
performance into four dimensions of quality, cost, delivery, and flexibility. Basically, there are 
lot of advantages can be achieved through TPM implementation. For instance, TPM can lead to 
the improvements in quality cost delivery and flexibility (Sharma et al., 2006; Cua et al 
2001;McKone et al 1999; McKone et al 2001; Seth & Triphati, 2005; 2006). There are control 
variables in this study as well such as company size and capacity utilization. The company size 
definition is varied among countries (Bonavia & Marin, 2006) and high capacity equipment 
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utilization tends to be maintained regularly in order to prevent deterioration (Nakajima, 1988). 
The contribution of effective maintenance program can eliminate any possibility of equipment 
stoppages and failures.  
 
The TPM team contributes significantly to the TPM implementation. In fact, the importance of 
TPM team in TPM implementation has been widely discussed by many authors (Bamber et al., 
2003 & 1999 and Lycke, 2003). TPM team are also a vital element to ensure that manufacturing 
performance can be achieved, as without proper team management, TPM objectives are difficult 
to be achieved. Moreover, McKone et al (2001) ascertain that teamwork in TPM is very 
important and have used it as one of the measures to assess the level of TPM implementation. 
However, in order to obtain teamwork, an environment which enables total employee 
involvement from various departments must be established. Since the goals of TPM are 
optimising equipment effectiveness and ensuring the efficient management of plant assets, total 
employee involvement is surely needed (Brar, 2006). Ferrari et al.’s (2002) study has shown 
how a TPM team and a work team have been established to ensure the smooth operations of a 
TPM programme in some Italian factories. According to Ferrari et al. (2002) a TPM team is led 
by manufacturing manager and supported by maintenance managers and consists of delegates 
from maintenance, production, quality and manufacturing. A work team on the other hand, 
consists of workers from production line and maintenance. This clearly shows that the human 
factor is very important in TPM implementation. In fact, Ireland and Dale (2006) suggest that 
teamwork is not only essential in TPM practices but is considered as one of criterions for 
success.    
 
TPM strategy is conceptualised as activities conducted that relate to maximising equipment 
effectiveness, continuous improvement actions taken to improve quality (‘kaizen’), increasing 
safety and reducing costs as well as actions to raise the morale of the team that is implementing 
TPM (Eti et al., 2004). The TPM objective is to bring together all employees from various 
departments to participate actively in daily operation. And, more importantly, the total 
involvement and ownership of the process by operators to ensure zero breakdowns, zero defects 
and improved throughput can be achieved. Cooke (2003) defined maintenance strategy as 
preventive, predictive and reactive or breakdown maintenance. However, Kevin and Penlesky 
(1988) suggested that there are five important elements that can be used to formulate 
maintenance strategy. Their five elements are reactive maintenance, regularly scheduled 
preventive maintenance, inspection, backup equipment and equipment upgrade. These elements 
form the guidelines in determining the maintenance mix to be used. This, however, also depends 
on the goals of maintenance, the nature of the facility or equipment to be maintained and the 
work environments in which operations take place. Proactive and aggressive maintenance 
strategies (TPM) have a significant positive relationship with performance (quality, equipment 
availability and production cost) (Swanson, 2001). In TPM, two activities that would be 
normally found at plant-level of the organisation are embraced and reframed as autonomous and 




This study is a cross-sectional focusing on manufacturing companies in Malaysia. This study 
was conducted in order to respond to the following research questions: 
• What is the extent of TPM practices in the Malaysian manufacturing organization? 
• Does the extent of TPM practices are implemented differ with the size of firms? 
• Does the extent of TPM practices are implemented differ with the quality certification 
status? 
• What are the relationships between TPM practices and manufacturing performance? 
 
The target population was manufacturing organizations in Malaysia that have implemented 
TPM practices. The sampling frame used was from Federation of Malaysian Manufacturers 
(FMM). The sampling technique is proportionate stratified random sampling and employed 
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steps by Gay and Deihl (1992) to determine the required samples size. Total of 1053 self-
administered questionnaires were sent to respondents who were managers of quality, operations, 
plants, engineering and those who were familiar with TPM. Moreover, they had to be 
knowledgeable about their company’s TPM practices and their firms’ performance.  A support 
letter from Malaysian Industrial Development Authority (MIDA) was attached together with the 
questionnaire. 
 
Variable measures: TPM team was measured using 5-point scale ranging from 1 (strongly 
disagree) to 5 (strongly agree). However, the other independent variables were measured using 
5-point scale ranging from 1 (not at all) to 5 (a very great extent). The dependent variable was 
measured using 5-point scale ranging from 1 (not at all) to 5 (very big improvement). The 
measures of this study were taken from various sources. For instance, TPM team was adapted 
from Brah and Chong (2004); TPM strategy, items were adapted from Eti et al. (2004) and Brah 
and Chong (2004); Autonomous maintenance, measured by 8 items and planned maintenance, 
measured by 5 items were adapted from McKone and Schroeder (1999) and Brah and Chong 
(2004). Dependent variable was measure using 6 items, which adapted from various authors 
such as Seth and Tripathi (2005), Ward et al (1995), Brah and Chong (2004), and Raymond and 




TPM practices at Difference level of Firm size 
TPM practices such as TPM team, TPM strategy, autonomous maintenance and planned 
maintenance are implemented widely in the manufacturing companies. The size of firms 
determines the equipments, capacity and workforce in the companies. Big companies enable 
more potential allocation of fund towards continuous improvement activities. Moreover, 
Jonnson (1997) reported that size of firm and status of maintenance are different between big 
and small firms. However, in TPM, the organization structure is more important compare to 
firm size as top management becomes major catalyst to ensure TPM practices are implemented 
according. Therefore, well structured TPM organizations will contribute to smooth TPM 
practices implementation. Thus, the following hypothesis is proposed: 
 
Hypothesis 1: The extent of TPM practices implemented does not differ at different sizes of 
firm. 
 
Meanwhile, quality certifications such ISO 9000 series are becoming more important especially 
for Malaysian manufacturing organizations.  Many companies are looking forward of getting 
certified with ISO standards. TPM practices in such ISO certified companies are more likely to 
be implemented compared to non-certified ISO standards companies (Brah & Chong, 2004). All 
processes are needed to document accordingly. However, TPM is continuous improvement 
activities that require long term commitment from all employees in the organization. They work 
closely to avoid any equipment breakdowns, failures, and stoppages happened with no regards 
of whether the companies are ISO certified or not. Thus, the following hypothesis is proposed: 
Hypothesis 2: The extent of TPM practices does not differ for quality certified companies and 
non-certified companies. 
 
TPM practices and Manufacturing Performance 
Many researchers have found that TPM significantly improved performance (Ahuja & Khamba, 
2009; Seth & Tripathi, 2005, 2006; Brah & Chong, 2004; Sun, Yam & Wai-Keung, 2003). The 
research included various types of industries and types of production processes. TPM inevitably 
improves performance (Nakajima, 1988). The ability of top management to drive all employees 






DATA ANALYSES AND RESULTS 
 
Respondent Profile 
Data was analyzed using 106 usable questionnaires. There were 167 questionnaires returned 
back and usable responses were only 106 (10.07%) and data was analyzed accordingly. There 
were 71 (67.2%) large companies and 24 medium companies and 11 (1.2%) small companies. 
The number of permanent staff was applied in order to categorise the company size since annual 
sales and revenue were not given by the companies. The Small and Medium Industries 
Development Corporation (SMIDEC) of Malaysia provided the definitions of manufacturing 
companies’ size. Companies that have less than five full time employees are classed as micro 
enterprises, 5 to 50 permanent employees are small enterprises, and 51-150 permanent 
employees are medium sized companies (SMIDEC, 2008).). The majority of the respondents 
were involved in mass or assembly production processes (51 companies) which represents more 
than 48% of respondents, batch production 30.2% (32 companies), continuous production 17% 
(18 companies) and the least was project with (5 companies) making up 4.7%. The companies 
responding to this study mainly had over 10 years experience of operations (more than 90%). 
Companies from the electrical and electronics industry were the main respondents with 34 
companies (32.1%).  
 
Reliability Analysis 
Factor analysis is used to determine the construct adequacy of a measuring device (Cooper & 
Schindler, 2001). The principal component analysis (PCA) method with varimax rotation (Hair, 
Anderson, Tatham & Black, 1998) was applied in this study. After components of variables 
were extracted from factor analysis using varimax rotation, reliability test was conducted to 
assess the “goodness” of a measure. Table 1 shows the reliability coefficients (Cronbach’s 
alpha) of the variables which ranges from 0.85 to 0.97. Basically, all the variables in the study 
show acceptable Cronbach’s alpha values, which are more than 0.8.  
 




The extent of TPM practices  
 
This study set out with the aim of assessing the extent of TPM practices in Malaysian 
manufacturing companies as its first research question. The extent of TPM practices in 
Malaysian manufacturing companies can be observed from Table 2. As can be observed from 
Table 2, out of the four dependent variables, delivery showed the highest mean value of 3.76 
with standard deviation of 0.86. This indicates that all the participating manufacturing 
companies were concerned about meeting on-time delivery to customers by putting it as the first 
priority. This is followed by quality which resulted in a mean of 3.59 and with a standard 
deviation of 0.82, thus respondents seem to be putting a lot of emphasis on ensuring the quality 
of their products is at the highest level. Meanwhile, the components of the independent variable 
TPM strategy showed the highest mean (3.93), followed by autonomous maintenance 
(mean=3.91), TPM team (mean=3.81) and planned maintenance (mean=3.70). All the 









TPM team 9 - - 0.95 
TPM strategy 12 - - 0.94 
Autonomous maintenance 9 2 - 0.89 
Planned maintenance 4 - - 0.85  
Cost 6 2 - 0.92 
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variable, cost was 0.80 also small, indicating that most respondents were close to the mean of 
the dependent variable.  
 
Table 2: Descriptive Analysis 
Variable Mean Standard Deviation
TPM team 3.81 0.76 
TPM strategy 3.93 0.61 
Autonomous maintenance 3.91 0.63 
Planned maintenance 3.70 0.72 
Cost 3.54 0.80 
 
Meanwhile, ANOVA was used to test the mean differences of the variables investigated in this 
study- the extent of TPM practices and firm size. The two assumptions of ANOVA are (Hair, et 
al., 1998):  
i.  The normal distribution of dependent variables 
ii.  Equal variance for all treatment groups  
 
The result was consistent with Hypothesis 1, indicating that the extent of TPM practices does 
not differ according to the size of firm as shown in Table 3. The TPM practices can be 
implemented TPM practices regardless of the firm size. It doesn’t matter whether the companies 
are big or small, all members in the companies must work together to achieve smooth daily 
operations and avoid any potential equipment deterioration. Meanwhile, no statistically 
significant differences existed among the TPM practices between certified quality standard 
firms and non-certified quality standard firms, supporting Hypothesis 2 as indicated in Table 4.. 
In light of the result concerning Hypothesis 1, it appears that small, medium or big companies 
realise the similar benefits as long as they implement TPM practices. The concept of TPM puts 
strong emphasis on total involvement of all employees. The contribution of employees towards 
TPM practices of certified companies and non-certified companies are equally important.  
 
Table 3: Result of Analysis of Variance: The size of firm 
Variable F value Significant  
TPM team 0.96 0.38  
TPM strategy 0.48 0.62  
Autonomous maintenance 0.62 0.54  
Planned maintenance 0.35 0.71  
 
Table 4: Result of Independent Samples Test: Certified quality standard and non-certified 
quality standard firms 
Variable F value t- value  Significant 
TPM team 0.96 1.37 0.18 
TPM strategy 0.48 1.45 0.15 
Autonomous maintenance 0.62 1.32 0.19 
Planned maintenance 0.35 0.95 0.35 
 
 
Table 5 shows the relationships between TPM team, TPM strategy, autonomous maintenance, 
and planned maintenance towards cost. The result showed that the F value of 16.86 is 
significant at a confidence level of 0.01, and R2 of 0.40 indicated that the independent variables 
explained about 40% of the variance in cost. From the Table 5, TPM strategy and planned 
maintenance are found to have significant positive relationships with cost (p< 0.01 & p< 0.05). 
There are no multicollinearity problems as tolerance and VIF values were less than 1.0 and less 













TPM team -0.04 -0.43 0.67 0.62 1.63 





0.57 0.57 0.37 2.69 
Planned 
maintenance 0.32*** 3.13 0.01 0.55 1.81 
*** Significant at p < 0.01, R2 = 0.40, F = 16.86 
 
DISCUSSION AND CONCLUSION 
 
This study investigates the extent of TPM practices such as TPM Team, TPM Strategy, 
Autonomous Maintenance and Planned Maintenance of the Malaysian manufacturing 
organizations. The findings show that TPM strategy and autonomous maintenance have become 
the most important TPM practices in the manufacturing organizations. It cannot be denied that 
TPM strategy focuses a lot on activities related to continuous improvements. Moreover, TPM 
strategy ((mean=3.93) requires not only good action plan and also good execution. Therefore, 
the top management will drive all human resources towards achieving a safe and healthy 
workplace and also reducing breakdowns and stoppages and equipment deterioration.  This 
indicates that all employees must be given the opportunity to clean and look after equipment 
under their responsibility. The findings also indicate that Malaysian manufacturing 
organizations focusing in delivery and quality aspect. It is generally accepted that uninterrupted. 
This implies that marketers should carefully plan their marketing communications so as to instill 
the right attitude among consumers towards their products. The manufacturing companies were 
concerned about proper plans to achieve overall equipment effective, continuous improvements, 
high safety and environmental standards, and increasing morale of TPM team members. It is 
certainly essential for manufacturing companies to properly plan such activities due to the stiff 
challenges of the manufacturing environment. The pressures of uncertainty in the market place, 
customer needs and so forth reflect that fast actions must be taken. On the other hand, TPM 
strategy needs strong support from top management and all levels of employees. It is very 
important to ensure the various parties in the organisation are sharing the same goals and 
visions. Meanwhile, autonomous maintenance is the second highest implemented TPM practice 
in the Malaysian manufacturing companies studied here (mean=3.91). In autonomous 
maintenance, an operator who operates the equipment is also responsible for ensuring the 
equipment is in good condition. In autonomous maintenance, operators are equipped with skills 
and knowledge that enable them to detect any abnormality of the equipment via a thorough and 
effective training plan. Operators who clean and take care of the equipment can avoid potential 
failures and breakdowns as they monitor and look after the equipment’s condition. Loose bolts 
and nuts, for instance, may cause equipment to operate in a very vulnerable condition. Due to 
this problem, the product being produced by the equipment may be off-centred and cause poor 
quality performance. Through autonomous maintenance operators are given the opportunity to 
contribute to the daily operations. On the other hand, the ANOVA analysis indicates that all 
companies no matter small, medium or big implementing TPM practices accordingly. TPM is 
about total participation of all employees from top management to operators at the production 
lines. Therefore, as long as top management plays the roles to encouraged total participation and 
accommodate the training and education programs to support TPM practices. Perhaps, big 
companies are able to provide frequent training and education programs compared to small 
companies as the provision for training may abundant. However, White et al. (1996) postulate 
that there are differences between big and small companies in the total productive maintenance 
when they analysing the Just In Time practices in the US manufacturing companies. TPM is not 
designated only to big companies. TPM requires active involvement of operators at the 
production floor to contribute towards equipment deterioration. All companies’ sizes should 
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emphasis on ensuring sufficient resources are allocated in daily maintenance jobs such as 
cleaning, lubricating, tightening and so forth. The certified quality standard firms and non-
certified quality standard firms also showed no differences in the TPM practices. Therefore, it is 
suggested that quality certification standards are not the main issue as far as all companies make 
sure each TPM practices are implemented. The certifications, however, can create perceptions 
that certified quality standards firms are more likely to have better process of implementing 
things. On the other hand, through TPM strategy which focuses on activities to eliminate 
equipment breakdowns, failures and stoppages requires full commitment form top management. 
TPM strategy and planned maintenance play a vital role in reducing overall manufacturing cost. 
Activities to eliminate waste and continuous improvement for instance can reduce cost in long 
run and must be planned accordingly. Meanwhile, the ability of all employees to share the 
important figures about defects status, reject rates, rework, breakdowns etc. can ensure every 
employee commitment towards cost reduction initiatives. 
 
SUGGESTIONS FOR FUTURE RESEARCH 
 
This study only focuses on four TPM practices to study the research questions. Future study 
should focus on TPM practices influence on manufacturing performance. Many other potential 
factors exist such as leadership, continuous improvement activities; focus on customer 
satisfaction, information architecture (Seth & Tripathi, 2005) and so forth affect manufacturing 
performance. Future research should also attempt to examine the influence of such factors on 
manufacturing performance. In addition, there are moderating variables that can potentially 
affect the relationship between TPM practices and manufacturing performance such as types of 
production process and years of operations. Perhaps further research can be conducted to 
investigate the moderating effect of these variables on the relationship between TPM practices 
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